Tthe determination ofcell fates during the assembly ofthe ommatidia in the compound eye ofDrosopbila appears to be controlled by cell-cell interactions. In this process, the sepenless gene is essential for the development of a single type of photoreceptor cell. In the absence of proper sevenlss function the cells that would normally become the R7 photoreceptors instead become nonneuronal cells. Previous morphological and genetic analysis has indicated that the product of the sevenlss gene is involved in reading or interpreting the positional information that specifies this particular developmental pathway. The sevenless gene has now been isola characterized. The data indicate that sepenkss encodes a transmembrane protein with a tyrosine kinase domain. This structural similarity between sevenless and certain hormone receptors suggests that similar mehanisms are involved in developmental decisions based on cell-cell interaction and physiological or developmental changes induced by diffusible factors. HE (2) . Alternatively, cellular differentiation may occur in a lineage-independent manner where the position that a cell occupies in a developing field determines its fate. In this case, diffusible substances, such as hormones, or interactions with adjacent cells are the primary determinants ofcellular differentiation. In many cases, a small group of cells, or even a single cell, selects a developmental program different from that of its neighbors. Because of the spatial specificity involved in such decisions, cues in the cell's local environment, such as a particular set ofcellular contacts, most likely provide the required positional information, rather than long-range diffusible morphogens. Although the mechanisms used to read and interpret such positional information are largely unknown, short-3 APRIL I987 range cellular interactions are thought to be of principal importance in a wide variety of developmental phenomena including classical embryonic induction (3), regeneration (4) , and the pathfinding of axon growth cones during neuronal development (5) .
The compound eye of Drosophia melanogaster is an attractive system to study the mechanisms underlying lineage-independent developmental decisions since it consists of a small number of different cell types that develop in a lineage-independent manner (6-13). The compound eye consists of a two-dimensional array of approximately 800 ommatidia, or unit eyes. Each ommatidium contains 20 cells: eight photoreceptor cells, four cone cells that build the liquid-filled lumen underlying the lens, a sensory hair and nerve, and three types of pigment cells that optically insulate each ommatidium. The eight photoreceptor cells, which can be divided into three major classes (R1-R6, R7, and R8) based on morphology and spectral sensitivity, are arranged in a trapezoidal unit that is precisely repeated from ommatidium to ommatidium.
The compound eye develops from the eye imaginal disc during the third larval instar and pupal period (7, 9, 10, 13) . Until the last larval instar, the eye imaginal disc consists ofan epithelial monolayer of proliferating, undifferentiated cells. Over a period of approximately 2 days, the assembly of the ommatidial clusters proceeds in an orderly, progressive wave from the posterior to the anterior of the disc epithelium. Tightly associated with this process is a morphological depression, the morphogenetic furrow, that moves across the disc. Cells anterior to the furrow are undifferentiated; cells posterior to the furrow become assembled into the developing ommatidial clusters. The stereotyped assembly sequence and the precise conservation of the cellular contacts within each independently forming ommatidial unit indicate that cellular determination occurs in response to direct cellular contacts or to diffusible molecules with a range of only a few cell diameters (10). On the basis of these observations, Tomlinson and Ready have suggested that a cell's acquisition of a distinct identity depends on its contacts with neighboring cells in the assembling ommatidium that already express a given identity (10). For example, the information that would cue the R7 precursor for the R7 developmental pathway would be its particular combination of cell contacts with the already determined, adjacent Rl, R6, and R8 precursor cells.
Attempts to isolate mutations that affect the R7 developmental pathway have been based on the fact that the R7 cell is the only Fig. 3 . The extent of the cloned DNA in the IOA-B region of the X chromosome is shown. A simplified version of the cytological region between lOA and lOB is depicted. The figure only includes the proximal edge of the 1OAl,2 and the distal edge of the lOBl bands. (14, 19) (Fig. 1) . We used the microdissection cloning method (20) to obtain chromosomal DNA from the vicinity of the sevenkss gene. In this technique the chromosomal region containing the desired gene is dissected from the polytene chromosomes present in the salivary glands of third instar larvae and used as a source of DNA for constructing a library in a bacteriophage lambda vector. Starting from a DNA segment obtained by microdissection doning that mapped to the interband region between IOA1,2 and 1OB1,2 ( Fig. 2A ) overlapping cloned DNA's were isolated from genomic DNA libraries constructed in bacteriophage lambda (21) and cosmid vectors (21) . The positions of the cloned DNA's with respect to the chromosome map were determined by in situ hybridization to salivary gland chromosomes (22) . This analysis was facilitated by the decondensed state ofthe chromosomal DNA in the interband region from which these DNA's originate (Fig. 2 , B to D). For example, restriction fragments separated by only 30 kilobases (kb) mapped to opposite ends of the 1OA-B interband region (Fig. 2B ). Approximately 110 kb of chromosomal DNA derived from the interband between IOA1,2 and 1OB1,2 and the proximal (with respect to the centromere) edge of 1OA1,2 band were cloned. The extent of the different clones is shown in Fig. 3 . Two overlapping chromosomal deletions define the position of the gene (19) (Fig. 1) . The deletion Df(1)v6429 removes part of the IOAl,2 band, but does not affect sev gene function. However, the deletion Df(1)ras v17Cc 8 which removes slightly more of the lOA1,2 band, results in a sep-phenotype. Therefore at least part of the sepenlss gene is located between the breakpoints of these two deletions on the proximal side of the 1OA1,2 band. DNA from the distal endpoint of the cloned region is deleted by the Df (1) determined by in situ hybridization (Fig. 2 , E and F). Since DNA deleted in the Df(l)v64f29 does not affect the sev gene, the chromosomal region that we isolated must extend distally beyond the sev gene (Fig. 1) . A more precise mapping of the deletion breakpoints that define the distal boundary of the sev gene was obtained by hybridizing various cloned DNA segments from this chromosomal region to blots of restriction enzyme digests of DNA extracted from the two deletion strains (23). The results of this analysis are summarized in Fig. 4 . The breakpoint of Df (1) (Fig. 5A) . The R7 cell's rhabdomere is seen inside the trapezoid (arrow, Fig. 5A ). The R8 rhabdomere resides below R7 and is not visible with this technique. In sev flies the absence of the R7 cell leads to a pseudopupil with only the six rhabdomeres of R1-R6 (Fig. 5B) . The pseudopupil of a transformed fly is shown in Fig. 5C . The rhabdomere pattern of the transformant is indistinguishable from that of wild-type flies. Figure 5 , 4 .
To de ine spatial tru of the up transcris, we examined the accmulatiion the-Wsv RNAs by in situ hybridizaion to tssue sections (28) of third instarlaae. A hoial secton of the anterior third ofa wild-type tin larva is shown in brihtand dark-fil im i in Fig. 7, A only a small fraction ofthe cell mass in the apical region ofthe disc at this stage, contain the seveness transcript.
Sev appears to encode an integral membrane protein with a tyrosine kinase domain. The nucleotide sequence of the 6.3-kbcDNA cED3.1 was determined by means of the M13 dideoxy sequencing technique (29) . The 1.9-kb size difference beween this cDNA clone and the sev transcript is probably due to incomplete reverse transcription of the 5' end of the sev messenger RNA.
Sequence analysis of the 3' end of two shorter cDNA clones indicated that they all terminate within 11 nudeotides ofeach other. Although no long stretch of poly(A) was found at their 3' ends, the sequence TATAAA, which resembles the consensus for the signal for poly(A) addition was found 23 nucleotides from the end of the cDNA with the longest 3' extent. A stretch offive A's represent the last nucleotides of this cDNA, and it could represent a truncated poly(A) stretch. Comparison of the restriction map of cED3.1 with the corresponding genomic region revealed that the cDNA is largely colinear with genomic sequences (Fig. 4) . Sequence analysis of a portion ofthe genomic DNA, however, has revealed the presence of several small introns. For example, the Hind III site that is found in the cDNA at a position corresponding to 70 on the genomic map appears to have been created by the removal of an 80-bp intron. A precise determination of the intron-exon structure of the sev gene awaits the determination ofthe complete nucleotide sequence ofthe corresponding genomic region.
Conceptual (30) of the cED3.1 sequence reveals one stretch of22 hydrophobic amino acids, which is long enough to span a membrane. The hydrophobicity index (30) of this putative transmembrane domain is 2.6; sequences with hydrophobicity indices greater than 1.6 are considered to have a high probability of being membrane spanning (30) . The genetic analysis of the scvphenotype accommodates models predicting that the putative sev protein is located on the cell surface. Thus, if this hydrophobic stretch of amino acids is indeed used as a transmembrane domain, we might expect sep to encode a protein consisting ofan extracellular domain in excess of 172 kD, a transmembrane sequence, and an intracellular domain of 45 kD.
Comparison of the deduced sev sequence with previously determined protein sequences (31) revealed a highly significant homology of the carboxyl terminal region of the putative sep protein with the tyrosine kinase domains encoded by several viral oncogenes and hormone receptors. The carboxyl terminal portion of the predicted protein sequence ofthe sev protein is shown in Fig. 8 . This sequence is compared to the sequence of c-rs (32) , the EGF receptor (33) , and v-src (34) . Shaded regions represent identities with the sev protein, and open boxes represent conservative amino acid substitutions. The strongest homology was found with c-ros, the cellular homolog of the oncogene v-ros of the chicken UR2 retrovirus (32) . The putative sev protein shows 47 percent amino acid identity with c-tw over a stretch of 367 amino acids that includes the putative transmembrane and kinase domains. The highest degree ofhomology between sev and other proteins is found in a 65-amino acid section of the kinase domain; the putative sre and c-rw sequences share 56 identical and 4 conserved residues in this region. In addition to the high overall homology with other known tyrosine kinase domains, several residues that have been shown to be involved in specific aspects of the kinase activity are invariant. For example, the lysine at position 1681 in the rep protein is conserved in all kinases and has been shown to be involved in adenosine triphosphate binding (35, 36) . The tyrosine at position 1821 in srev also is conserved. This residue has been shown to be the site of highest autophosphorylation in some tyrosine kinases (36) .
A model for the function ofthe sevenlks gene product. For the EGF and insulin receptors increased tyrosine phosphorylation is observed after the addition of the corresponding hormone (37, 38) . These observations have led to the proposal that the tyrosine kinase acts as a mediator of signals received from the outside of the cell by phosphorylation of other cellular proteins (36 with streptavidin-conjugated horscradish peroxidase followed by histochemical detection with diaminobenzidine. These reagents were purchased as a signal detection kit (DETEK-brp) from ENZO Biochem. 23. The chromosomal deletions Dff1)v'2 and Dffl)ras vI7Ca that were used to cytologically define the position of the sev gene indude a number of lethal loci and are therefore homozygous lethal. The mapping of the deletion breakpoints by whole genome DNA blot analysis was carried out with DNA extracted from flies heterozygous for the corrcsponding deletion. As a control, DNA was extracted from flies hemizygous or homozygous for the corresponding balancer chromosome. For mappingDff)v6429, DNA was extracted fromDf(1JV2IFM6 females, and FM6 males were used as controls. For mapping Dffl)ras v'7c, we used Dfll)s rv7C(/ct oc females and a oc/ct oc female control flies. The DNA was digested with restriction endonudeases, size-fractionated by agarose gel electrophoresis, and blotted to nitrocellulose. The blots were probed with recombinant genomic lmbda dones from the appropriate chromosomal region. If a deletion breakpoint is in the DNA encompassed by the probe, restriction fragments included in the deletion would be present only in one copy (on the balancer dcromosome) and would be revealed by the fact that they yiefded signals only half as intense when compared with fragments in the same gel lne that fi outside the deletion. Often a novel restriction band could be detected that was not present in the control lane; such tragments most likely correspond to the new fragment created at the deletion b int. For a reliable analysis it proved to be essential to use hybridization probes that cover a large region ofthe genomic DNA around the breakpoint. This permitted the companson of the intensity of a number of fraients inside and outside the deletion and aided the identifcation offragments which were only present in one copy. The brcakpoint for the Dff1)v6"'9has been mapped to the 1.4-kb Eco RI fagment between 71.3 and 72.7 kb of the chromosome walk. The 15-kb Eon RI fragment proximal to the breakpoints was present in two copies, whereas the flanking 1.4-kb Eco RI fragment and the more distally located firamets were present in only one copy. Furthermore, in the Hind III digest firgments up the Hind m site at 69.2 kb were present in two copies but the flanking 4.0-kb fragment (between 69.2 and 73.3 kb) was only present in one copy and a novel fiagment of 6.0 kb appeared. The breakpoint for the Dfil)ras v'7 has been mappe between that Hind III site at position 65.2 kb and a Sac I site at position 66.3W(not indicated in Fig. 4 ). The lind M fragments up to the site at 65.2 kb were prcsent in two copies, the flanking 2.3-kb fragment (65.2 to 67.5) and the more distally located fragments were present only in one copy. In the Sac I digest, the first fragment with half the intensity of the fragments present on both chromosomes was a 1.8-kb fragment between 64.5 and 66.3 kb. In the Sac I digest a novel fagment of 6.1 kb appeared, which most likely corresponds to the breakpoint fragment.
